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ABS TRACT

The hydrauhc downpull forces that w111 be caused by 2-minute
closures of the 16.5- by 21.0 foot Glendo Dam outlet works
-fixed-wheel gate were computed. Previous mcdel studies
(Hydraulics Laboratory Report No. ‘Hyd-421, February 8, 195%7)
evaluated the hydraulic downpull for a stable condltlon of flow -

- with'the :gate ‘stationary.at various openings. - The present com-
putatmn showed the added.downpull caused by water trapped in
~:the shaft above the: gate during rapid closures to be about:.4, 500
i pounds for.gate- openings larger than 3 feet.. No additional down-
" pull occurred at openings smaller than 3 feet. The. maximum
downpull of 40, 000 pounds that occurs at 0.25 foot ga.te openmg

'_ rema.ms the: mammum and unchanged

DESCRIPTORS--*Hydrauhc downpull /*11ydrau11cs /*flxed wheel
‘gates /hlgh Ppressure gates .

IDENTIFIERS--Glendo Dam /emergency ga.te/tunnel gates '
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HYDRAULIC DOWNPULL COMPUTATIONS FOR GLENDO DAM
FIXED-WHEEL GATE--MISSOURI RIVER BASIN PROJECT, |
WYOMING . i

PURPOSE

These computations were made to determine the effect of rapid
gate closures on the hydraulic downpull on the fixed-wheel gate at
Glendo Dam. _ ‘

-CONCLUSIONS

The maximum hydrauvlic downpull on the Glendo Dam fixed-wheel
gate will be about 40, 000 pounds, and will occur at a gate opening
of - 0.25 feet, with the reservoir at maximum elevation, and suffi-
cient water in the downstream tunnel to submerge the gate., This
maximum value will not be exceeded regardless of any expected
gate opening oy closing times. :

s

Rapid closure of the gate under emergency conditions will cause
an increase in hydraulic downpull in certain noncritical gate open-
ing ranges (Figure 6). These ranges do not include the gate open-
ing producing maximum downpull, and the maximum forece is un-
affected.

INTRODUCTION

Glendo Dam is lecated on the North Platte River in southeastern

Wyoming about 5 miles from the town of Glendo (Figure 1), The

intake structure for the combined power and outlet works pensiock

is about 2, 500 feet upstream from the dam. . The 2, 323-foot- long

penstock passes under a narrow peninsula that forms a bend in the

river on which the dam is located (Figure 2). The emergency gate

for the :penstock is a 16.5- by 21-foot upstream seal, fmed—wheel d .
gate (Figure .3) placed 515 feet from.the ‘intake structure. . DR
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Model studies were completed in 1957 concerning the hydraulic

downpull on the fixed-wheel gate. The resulta are shown in Fig-

ure 7, Report No. Hyd-421, 1/ and are repezted in Figure 6,

Curve A, of:this report. For the model study, an aasumption

was made that the penstock was ruptured, or fully opened, at the

downstream end, and the head downstream from the emergency

gate reflected the tunnel losses from the gate to the opened end.

Also, the water surface in the gate shaft was assumed to be the

same as the head downstream from the gate. The results were
plotted for various positions of the gate under stable conditions; s
i.e., no relative change of water depth in the gate shaft with re- ‘
spect to time, and no changes in upstres.m or downstream dis-

charges. The study indicated that a maximum hydraulic down-

pull of about 40, 000 pounds occurred when the gate was opened

3 inches, and the ho1stmg mechanism vas designed to handle thJ.S

load. . . -

Actually, all of the water which drains from the gate shaft passes.
between the downstream face of the yate and the gate ghaft wall. -
The head differential between the shaft and the downstream tunnel
will depend on the position of the gate and the direction and veloec-
ity of gate movement. The total downpull will be affected by this
added differential, and worst conditions will occur during a rapid
closure when the water backed up in the gate shaft by normal pen-
gtock pressure has too little time to drain from the gshaft.. .To
determine the magnitude of this additional force, computations
were requested by the design engineers. The approximate mini-
mum closure time of 2 minutes was used in the computations. *

| ‘The computations in this report are based on‘the model study re-
gults shown in Report No. Hyd-421, but with the additional head
in the gate shaft resulting from a gate cl_os'ure time of 2 minutes,

COMPUTATION

+ The installation of the Glerdo fixed-wheel gate is shown in Fig-
ure 3. The'area of the flow passage between the upstream face of

- the gate and’ ‘seal seat is 4.13 square feet when the gate ias 3 feet

or more. open When the ga.te is between 0 and 3 feet open, this

T]ﬁoael Studies of Hydraulic Downpull Forces that Act on the 3
Palisades-type Raegulatmg Slide Gate, and on the Glendo Fixed- :
‘wheel Gate, Bureau of Reclamation, February 8, 1957, : 5 . .
*The gate closure time is nct a constant, but will vary with the: : L
closing conditions. Two mmutes is about a minimum. : -




flow passage is closed. The area between the gate and the down-
stream face of the gate shaft is 72.9 square feect. The gate shaft

- crogs-sectional area is 202. 5 square feet and the gate cross-
sectional area is 68. 7 square feet.

Figure 4A shows the re lationship between the downstream tunnel
head and the gate opening in fee{, and the ela.psed time in seconds,
for the emergency closure condition shown in Report No. Hyd-421,
Figure TA. The downpull shown in Repo 1t No. Hyd -421 was based
on the downstrearn tunnel head.

The‘ computed discharge frorn the upstream tunnel into the gate
shaft, and the discharge from the gate shaft into the downstream
tunnel is shown in Figure 4B. A d1scharge coefficient of 1.0 was
assumed for this computation since the flow passages are of odd
‘and irregular shape and an exact coefficient could be determined
only by.calibration. The discharge into the gate shaft from the
upstream tunnel is based on the differential between the reservoir,
and the gate shaft water surface. The discharge from the shaft
into the downstream tunnel is based on the head differential be-
tween the gate ghaft and the downstream tunnel,

The next step in the computa.tmn concemed the water volume change
in the gate shaft as the water surface subsided, the volumes of
water discharged into the shaft upstream from the gate and the vol-
umes of water discharyed out of the shaft into the downstream tun-
nel (Figure '54). The .computation was based on the conditions that
existed at 1-second intervals for the initial 10 seconds of gate move-
.ment, 2-second intervals for the next 40 seconds, and 5-second in-
tervals for the remaining 70 seconds. The results were computed
for an elapsed; ‘time of 104 seconds, at which time the gate will reach
a 3-foot openmg and the top sea.l will stop inflow into the gate shaft
(F1gure 94). :

By comblnmg the total volume discharged and the computed discharge™

curve shown in Figure 4B, .a curve was drawn showing the head dif-

ferential between the gate shaft and the downstream tunnel (Figure 5B).

This curve shows that the maximum differential of 1.7 feet will occur
. .aftera. gate travel time of 5 seconds, or when the gate iz approxi-

. . ‘ * mately 20 feet open (Figure 4A). ‘ '

. The results of the present computatlon and the model studies per-
formed in“1957 are shown in Figure 6. Curve B, Figure §, is the

- AR ' additional downpull which will result from the hea.d d1fferent1a.1 shown

- . in Figure 5B, Curve A‘is the downpull as shown in Report No. Hyd-

S . Lo421, and Curve C is the combmed total downpull




In the model studies of-the Glendo. fixed-wheel gate, the maximum
downpull was determined to be 39, 750 pounds -and occurred at.a’
-gate opening of 0. 25 feet. 'In the range of gate opening from:0 to
3 feet, .there will be no.additional downpull since there will be no -
~ flow past the upstream seal into the gate shaft; and, therefore, no
additional head above the gate. ¥or gate openings larger than

3 feet, the additional downpull will-average .about 4,500 pounds
with:a ‘peak additional downpull of 7, 400 pounds:occurring ata
gate opening of 20. 3 feet. The revised total hydrauhc downpull
curve, Figure 6, Curve C, shows that the maximum- downpul] of

- about 40, 000 pounds w:ll not be exceeded. ) X

The: Glendo Dam f1xed-whee1 gate ho1stmg mecha.msm deeugned :
for the ‘dead weight of the s8ystem plus 40,000 pounds hydraulic .-
- .downpull: (with guitable safety factors) is adequate. .Gate closure-
times-as: rapid as -2:minutes w:11 not cause hydrauhc downpull in
excess of 40, 000 pOundB _
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FIGURE '3
CREPORT HYD- 524
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FIGURE 5
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- APSTRACT ~

“The hydraulic:‘downpull forces that will be caused by 2-minute
closures of the 16. 5~ by 21.0 foot Glendy Dam outlet works
fixed-wheel gate were computed. Previous model studies
. .. {Hydraulics Lahoratory Report No. Hyd-421, February 8, 1957)
“;evaluated the hydraulic downpull for a stable condition of flow
with the gate statiohary at various openings; The present com-
~-putation showed the added downpull caused by water trapped in
““the shaft above the:gate during rapid closures to be about 4, 500
pounds for gate openings larger than 3 feet., No additional down-
pull cccurred at openings smatler than 3 feet. The maximum "
. downpull of 40, 000 pounds that occurs at 0. 25 foot gate opening |
- Temains the maximum and unchanged.

" fixed-wheel gate were computed. Previous model studies
" : (Hydraulics Laboratory Report No. Hyd-421, February 8, 1957)
evaluated the hydraulic downpull for a stable condition of flow
" -with the gate stationary at various openings. The present com-
putation showed the added downpull caused by water trapped in
.. the shaft above the gate during rapid closures to be abolit 4, 500
.pounds for gate openings larger than 3 feet. No additional down-
~ -5 pull occurred at openings smaller than 3 feet. The maximum
" downpull of 40, 000 pounds that occure-at 0. 25 foet gate opening

EE ABSTRACT
The .hy'drjaulic‘dowﬁpull forces that will be caused by 2-minute
. closures of the 16.5- by 21. 0 foot Glendo Dam outlet works

" remains the maximum and unchanged. = - S

ABSTRACT

The hydraulic downpull forces that will be caused by 2-minute
closures of the 18.5- by 21,0 foot Glendo Dam outlet works
fixed-wheel gate were computed. Previous model studies
{Hydraulics Laboratory Report No. Hyd-421, February 8, 1857)
evaluated the hydraulic downpull for a stable condition of flow
with the gate stationary at verious openings. The present com- -
putation showed the added downpull caused by water trapped in
the shaft above the gate during rapid closures to be about 4, 500
pounds for gate openings larger than 3 feet, No additional down-
pull occurred at openings smallér than 3 feet, The maximum
downpull of 40, 000 pounds that occurs at 0. 25 foot gate opening
remains the maximum and unchanged.

ABSTRACT

The hydraulic downpull forces that will be caused by 2-minute
closures of the 16.5- by 21, 0 foot Glendo Dam outlet works
fixed-wheel gate were computed. Previous model studies
{Hydraulics Laboratory Report No. Hyd-421, February 8, 1957)
evaluated the hydraulic downpull for a stable condition of flow
with the pate stationary at various openings. The present com-
putation showed the added downpull caused by water trapped in
the shaft above the gate during rapid elosures to be about 4, 500
pounds for gate openings larger than 3 feet, Wo additional down-
pull oeeurred at openings smaller than 3 feet, The maximum
downpnil of 40, 000 pounds that occurs at 0, 25 foot gate opening
remains the maximum and unchanged. .
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